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We show that the NMR Knight shift anomaly exhibited by a large number of heavy electron 
materials can be understood in terms of the different hyperfine couplings of probe nuclei to localized 
spins and to conduction electrons. The onset of the anomaly is at a temperature T* , below which an 
itinerant component of the magnetic susceptibility develops. This second component characterizes 
the polarization of the conduction electrons by the local moments and is a signature of the emerging 
heavy electron state. The heavy electron component grows as log T below T* , and scales universally 
for all measured Ce, Yb and U based materials. Our results suggest that T* is not related to 
the single ion Kondo temperature, Tk, but rather represents a correlated Kondo temperature that 
provides a measure of the strength of the intersite coupling between the local moments. Our analysis 
strongly supports the two-fluid description of heavy electron materials developed by Nakatsuji, Pines 
and Fisk. 
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Introduction 



The Kondo lattice is a paradigm for heavy electron ma- 
terials. Recently a number of puzzling experimental ob- 
servations have been made in systems close to a magnetic 
phase transition at low temperatures ji^SiSiii^ and several 
new theoretical approaches for non-mean field quantum 
critical behavior have been proposeciSiiiSiSiiS. A complete 
theoretical description of the Kondo lattice remains elu- 
sive after two decades since the discovery of heavy elec- 
tron behavior. However, several common experimental 
signatures have been identified in these materials that 
must be captured by any theoretical description. In par- 
ticular, heavy fermion and mixed valent systems exhibit 
a crossover between localized moments at high temper- 
atures to coherent behavior at low temperatures. Typ- 
ically this crossover is evident as a broad maximum in 
the resistivity; in some cases the bulk magnetic suscepti- 
bility also exhibits a maximum, although not always at 
the same temperature as the resistivity. This behavior 
has traditionally been understood as the onset of coher- 
ent scattering of conduction electrons by the Kondo lat- 
tice of 4f spins: at high temperatures (T > Tcoh) the 
4f spins scatter the conduction electrons as independent 
local impurities; however, below Tcoh and at low temper- 
atures the Kondo lattice behaves in a coherent fashion. 
Although a microscopic theory of this process has not 
emerged, experimental signatures of this crossover are 
clearly evident in many Ce, Yb and U based compounds. 

In the majority of heavy electron and mixed valent 



materials for which Knight shift measurements exist, it 
has consistently been observed that below a temperature 
T*, the NMR (as well as ^SR) Knight shift, K, fails to 
track the bulk susceptibility, x^^^^ The reason for this 
anomalous behavior has remained elusive. The Knight 
shift measures the field at the nucleus brought about by 
the hyperfine interaction with the electrons. When the 
electrons are polarized in an external magnetic field, they 
create a hyperfine field at the nuclei that is proportional 
to X- If there is only one magnetic component, then 
K^X- 

Traditionally the breakdown of this relationship has 
been attributed to local phenomena associated with the 
4f electrons. In the crystal field scenario, the hyper- 
fine coupling changes when the excited states of the 
crystal field split 4f electron become depopulated pi2, In 
the Kondo impurity scenario, T* is the Kondo temper- 
ature, below which the 4f electrons are screened by the 
conduction electrons and the bulk x is reducediii The 
Knight shift measures the local susceptibility, which is 
not screened; and therefore the linear relationship be- 
tween K and x breaks down. Still other authors have 
explained this anomaly in terms of a temperature depen- 
dent hyperfine coupling that is modified by the onset of 
coherence 

Here we propose that the origin of this anomaly is col- 
lective rather than local, and that T* is the temperature 
at which the heavy electron liquid begins to emerge from 
the Kondo lattice of localized 4f spins. We demonstrate 
that below T* the polarization of the background con- 
duction electron spin system by the correlated /-spins is 
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FIG. 1; Kci(T)/K°f versus ln(r/r*) for several Kondo lattice 
systems, showing the scaling behavior of the Kondo liquid 
component of susceptibility. The solid line is given by Eq. 

iH. 

characterized by a distinct and universal temperature de- 
pendence. This polarization is characterized by the mag- 
netic susceptibility, Xcf = (ScS/), where Sc and S/ are 
the conduction and local moment spins, respectively. We 
show that the two-fluid description of the Kondo lattice 
proposed by Nakatsuji, Pines and Fisk (NPF) provides a 
quantitative explanation for this anomalous behavior.^® 
In turn our analysis allows us to give a more microscopic 
interpretation for the two fluids introduced by NPF. Our 
results are consistent with NPF who argued that T* is a 
correlated Kondo temperature, strongly affected by the 
intersite /-electron interaction, rather than the familiar 
single-ion Kondo temperature, Tk- In addition, we are 
able to determine quantitatively the temperature evolu- 
tion of the heavy electron spin susceptibility by combin- 
ing measurements of the temperature dependence of the 
Knight shift with those of the bulk magnetic susceptibil- 
ity. We find that an excellent fit to existing experimental 
data in fourteen heavy electron and mixed valent systems 
is obtained with a susceptibility whose temperature de- 
pendence follows the simple form: 

Xci - \l~ 7^ jiog—, (1) 

a result that suggests that in a Kondo lattice the emer- 
gent behavior of the heavy electron liquid can be charac- 
terized quite generally by the single energy scale, T*, that 
NPF have proposed is a direct measure of the strength of 
nearest neighbor intersite magnetic coupling. For CeSna 
and Ce3Bi4Pt3 we find quite similar behavior, except 
that below a cut-off temperature, Tq, the Knight shift 
once more tracks the bulk susceptibility. We argue that 
below To the formation of the heavy electron liquid is 



FIG. 2: The In(l) Knight shift in CeCoIns versus the bulk 
susceptibility^ The solid lines are fits to the high tempera- 
ture data. Inset: Kef versus T, and a fit to Eq. (|Hl. 

complete, and the system has a single, itinerant magnetic 
component. 

In Section B, we discuss the origin of the Knight shift 
in a Kondo lattice, and its anomalous behavior below 
T* in the two-fluid description of NPF. We present the 
experimental data on fourteen Kondo lattice materials, 
and show that the simple expression given by Eq. 
provides a quantitative account of the existing results. 
For the heavy electron material, CeCoIns, the second 
component of susceptibility that we obtain by Knight 
shift measurements is shown to be in excellent agreement 
with that deduced by NPF. We present our discussion of 
these results and our conclusions in Section C, and give 
the data used to obtain our results in the Appendix. 

B. Knight Shifts in Kondo Lattice 

In the two fluid description proposed by NPF to ex- 
plain bulk specific heat and susceptibility measurements 
in La doped CeCoIns, the authors postulate that a frac- 
tion /(T) of the 4f electrons in the Kondo lattice become 
delocalized below T*, forming a coherent state, the heavy 
electron liquid, analogous to the superfluid component 
of '*He. /(r) resembles an order parameter for the co- 
herent heavy electron component, while the fraction of 
the 4f (5f) electrons remaining localized resembles the 
normal fluid component. The magnetic system contains 
one component that is localized on the magnetic sites i 
with susceptibility xki, and a second component that is 
associated with the itinerant heavy quasiparticles with 
susceptibility xhf: 

X{T) = [1 - /(T)]xKi(r) + /(r)xHF(T). (2) 
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Detailed insight into the emergence of two contribu- 
tions to the susceptibihty with dramatically different T- 
dependency can be obtained by taking into account that 
the total spin of the system is the sum of the localized 
/-electron and the conduction electron spins 

i I 

where are the positions of the /-electrons and r/ 
the positions of the itinerant component of the sys- 
tem within a Wannier orbital representation. S'^ (r/) = 
5 Tliaa' c-lia'^a-a'Cna' IS the conduction electron spin den- 
sity. Our results show that at T*, as a result of the cou- 
pling to the /-electron spins, the conduction electrons 
acquire a heavy component, characterized by the corre- 
lation function (S^ (r^) S"^ (r/)). The uniform suscepti- 
bihty is now given as x = jj-^ (Mtot) where Mtot = 
J2^ (ri) + E; (r/) and it follows that 

X = X« + 2Xcf + Xcc (4) 
~ Xff + 2xcf , 

where Xff = ^ (S^ (^i) and Xcf = 

W I (^^ orbital resolved suscepti- 

bilities, characterizing the magnetic response of the pure 
f-system as well as the polarization of the background 
conduction electron spin system by the correlated f-spins, 
respectively. We recover the NPF result, Eq. by 
neglecting Xcc, the uniform susceptibility of the back- 
ground conduction electrons, which is small, and identi- 
fying Xff = [1 - f{T)]xKi and 2xcf = /(T)xhf. 

Quite generally, we expect the hyperfine couplings as- 
sociated with these two magnetic components to differ. 
For the local moments, the dominant hyperfine interac- 
tion is via a transferred coupling between the nuclei (typ- 
ically at a different crystalline site) and the local moment. 
A finite spin density is induced on the neighboring nu- 
cleus via wavefunction overlap, or via an indirect inter- 
action mediated by conduction electrons. In general, the 
transferred hyperfine interaction may couple the nucleus 
to several nearest neighbor local moment sites. On the 
other hand, if the magnetic component is delocalized as in 
a Fermi liquid, it has an additional on-site hyperfine con- 
tact term, which generally dominates. For a Kondo lat- 
tice system that retains aspects of both localized and de- 
localized behavior, one can reasonably expect both con- 
tact as well as transferred hyperfine couplings. A similar 
situation is found in the cuprate superconductors.^^ 

We therefore postulate the following hyperfine Hamil- 
tonian: 

^hyp = 7?i I] I {ri) -A • {ri)+jh ^ I (r^) B, S' (r,) , 

I i,l 

(5) 

where A and B arc the temperature independent contact 
and transferred hyperfine tensors, respectively, and are 
positions of the nearest neighbor 4f (5f) sites. The Knight 
shift is given by: Hhyp = J^J2i'^i^i) ^ Hq, where Hq 



is the applied field. By recognizing that {S'^ (r)) = XcfHo 
and (S^ (r)) — (xcf + Xff) Hq, and making use of Eq. |(SJ), 
we then have: 

K„ (T) = /vo,a + (^a + B^) Xcf (T) + B^xs (T) (6) 

where Kq q, is an offset (to account for orbital suscep- 
tibility and other T independent effects), and we have 
dropped the summation over the neighboring sites for 
simplicity and incorporated the couplings into the con- 
stant B. For T > T*, where the linear relationship be- 
tween Knight shift and bulk susceptibility holds, we make 
the assumption that Xcf{T) — 0. This allows us to deter- 
mine the coupling constant B. In the dilute limit where 
the single impurity Kondo problem applies, one can carry 
out an explicit calculation, where indeed one finds for 
large temperatures (T > Tk) ^ ~ /9_f < 1 Below 
T*, x(T) and (T) are no longer proportional. Xcf (r) 
and Xff (T) enter into x(^) and Ka (T) with different 
weights, which is due to the additional hyperfine cou- 
pling constants in the Knight shift. This allows us to 
separate the two contributions to the susceptibility from 
a knowledge of bulk susceptibility and Knight shift. In 
particular, we obtain the crucial relationship 

KciAT) = K^T) - Ko^a - BcxiT) 

= {A^~B^)xci{T). (7) 

This enables us to single out the heavy electron com- 
ponent, Xcf I that must be thought of as a hybridized 
many body state where the delocalized nature of the 
/-spin degrees of freedom is made explicit. In Eqs. |2| 
and 01 we made the simplifying assumption that the g- 
factors of the localized and conduction electron spins 
are the same. Including different (/-factors for the two 
spins will not change the relation Kcf^a{T) oc Xcf(T) 
but only affect the numerical value of unknown prefac- 
tor Aa — Ba Aa — j'Ba- Wc notc that a necessary 
condition for the existence of a Knight shift anomaly is 
that Aa ^ Ba- In Figs. |21and21we show this anomaly 
in CeCoIns. i^o and Ba are determined by fitting the 
high temperature data, shown as the solid lines; these 
values are given in Table |l| Below T* we obtain the tem- 
perature dependence of the heavy electron component, 
Kcf,a{T)^ which is shown in the inset. Note that without 
an independent measure of Xcf{T), the on-site coupling 
A remains undetermined. 

In Fig. Hwe plot i^cf.aCT) versus T/T* for fourteen 
heavy electron and mixed valent systems. T* is exper- 
imentally determined as the temperature below which 
x(T) and Ka{T) cease to be proportional to each other. 
The collapse of data for such a considerable number of 
systems is particularly impressing and is the single most 
important observation of this paper. This universal be- 
havior of Xcf is particularly surprising if one takes into 
account that the bulk susceptibility x and the total shift 
Ka{T) behave qualitatively differently for a number of 
the compounds shown. It is Xcf which is universal for all 
these materials. 
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TABLE I: The Knight shift parameters in several Kondo lattice systems. 



Material (site)"°''- 




KoiVo) 


Be, (kOe//iB) 


Aa (kOe//iB) 




7 (mJ/mol K^) 


CeCoIns (In(l),)ii 


89 


0.79 


8.9 


13.7 


3.3 


2902a 


CeCoIns (In(l)„6)ii 


- 


0.13 


12.1 


12.1 


- 


2902ii 


CeCoIns (In(2)a>ii 


42 


1.14 


-0.4 


-5.9 


-2.0 


2902a 


CeCoIns (In(2)5)ii 


42 


0.77 


10.3 


-4.1 


-1.3 


2902a 


CeCoIns (In(2),)il 


95 


-2.43 


28.1 


12.1 


3.1 


2902a 


CeCuaSia (Cuc)^^ 


171 


0.04 


-0.2 


- 


-0.3 


7002i 


CeCuaSia {Cuab)^ 


58 


-0.05 


2.5 


- 


-0.1 


7002i 


CeCuaSia (Sic)^^ 


171 


0.12 


2.7 


- 


-0.3 


7ooai 


CeCuaSia (S\ab)^ 


58 


-0.11 


8.2 


- 


-0.2 


7002i 


CeRhlns (In(l)c) 


12 


-2.51 


26.0 


- 


1.3 


2002a 


CeRhlns (In(l),6) 


10 


-0.54 


19.6 


- 


2.2 


2002^ 


CeAla (AI)S 


60 


0.02 


3.5 


- 


-0.7 


162024 


CePtSi (Si)2a 


20 


-0.11 


7.1 


- 


-1.7 


800^ 


CePtSio.gGeo.i (Si)^ 


15 


0.07 


4.2 


- 


-1.4 


13502i 


CeSna (Sn)^ 


167 


-0.05 


32 


- 


0.2 


7o2a 


Ce3Bi4Pt3 (Bi)^ 


123 


0.37 


46 


- 


-1.0 


3.32i 


YbCuAl (Cu)^ 


73 


0.07 


-1.0 


- 


0.03 


260^ 


URuaSia (Si^)^ 


84 


0.05 


3.37 




-0.03 


65^^ 


CeP (P)ii 


76 


0.03 


9.98 




-1.49 


1?21 


CeAs (As)ii 


73 


0.43 


16.3 




-2.41 


? 


UPta (Ptc)^ 


23 


3.95 


-95.7 




0.19 


42039 


UPt3 (Ptai,)^ 


19 


-2.0 


-54.4 




1.30 




UBei3 (Be)« 


10 


-0.02 


0.86 




-0.008 





Based on our observation of universality of Xcf we can 
now make contact to the two fluid picture of NPF and 
demonstrate that indeed Xcf agrees with the predictions 
of their phenomenological approach. In Cei_2;La2;CoIn5, 
NPF proposed that Xci{T) = f{T)RC^i/T, where R is 
the Wilson ratio, which successfully explains the doping 
evolution of the bulk properties. Empirically it was found 
that /(T) - 1 - T/T*, and that C^f/T ~ log(T). Com- 
bining these results, we arrive at Eq. a candidate 
description of Xct{T). Indeed, in the inserts of Figs. El 
and0]we show fits of Kci(T) to the equation: 

i^ef(r)=A'° (^l-^)log^, (8) 

with iir°f and T* as fitting parameters. K^^ is given by 
the value of the shift at T = aT* , where a « 0.259 is 
given by the equation (a — l)loga — 1. Fig. |21 shows 
Kef versus Xcf in CeCoIns, where the Xcf data were ex- 
tracted from bulk measurements by NPF.^^'"'^ The lin- 
earity, especially for the c direction, strongly supports 
the argument that the second component measured by 
NMR Knight shifts is indeed probing Xcf- Figs. 131 - 1141 
present comparable data for a number of Ce, Yb and 
U compounds. In Fig. ^ we show Kci{T)/K^f versus 
T/T* for all of the materials for which we have thus far 
been able to obtain Knight shift and susceptibility data. 
With the exception of Ce3Bi4Pt3, a Kondo insulator, and 



CeSna , a mixed valent system, the data scale remarkably 
well with one another. This result points to a common 
mechanism for the Knight shift anomaly, a conclusion 
that is model independent. In fact, the scaling evident in 
Fig. ^is based solely on the reasonable assumption that 
a second component of susceptibility with a different hy- 
perfine coupling manifests itself below T*, and that it 
is this component that exhibits the universal scaling be- 
havior given by Eq. (^). The fact that the scaling form 
agrees with the analysis presented by NPF supports the 
two fluid description for a broad range of heavy fermion 
materials. 



C. Discussion and Conclusions 

The alert reader will have noticed that there are two 
materials, Ce3Bi4Pt3 and CeSns, for which K once more 
becomes proportional to x for T < Tq. This result has 
a simple physical interpretation: Tq marks the tempera- 
ture below which there are no longer any local moments 
present in the material, so below Tq the system reverts to 
a single component. In Ce3Bi4Pt3 that component be- 
comes a Kondo insulator, with a band gap in the one com- 
ponent electronic system brought about by band struc- 
ture effects. In the case of CeSn3 that single component is 
a heavy fermion liquid. This point of view finds support 
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in the measurements of the specific heat and resistivity of 
CeSn3 which show Fermi hquid behavior below T « 17K. 
A reasonable explanation is that for these materials }{T) 
reaches unity at Tq. Below this temperature, the heavy 
electron liquid is fully formed, and there is only a single, 
itinerant magnetic component. 

In the other heavy fcrmion systems, both the localized 
and heavy electron liquid components coexist down to the 
lowest temperatures measured, typically defined by the 
onset of magnetic or superconducting order in the partic- 
ular compounds. Presumably, in the absence of order and 
for sufficiently low temperatures all materials should ex- 
hibit one component behavior corresponding to the fact 
that the heavy electron emergence has become complete, 
there is no further trace of local moment behavior, and 
/ = 1. In fact, for CeCu2Si2, Fig. ^ suggests that per- 
haps Kci begins to saturates below 0.02T* = 3.5K. 

The distinct T-dependence of Xcf and xs below T* is 
another strong indication for the fact that T* is not the 
single ion Kondo temperature Tk ■ In a few cases we were 
able to determine the actual temperature dependence of 
Xff below T* . This is possible if the low temperature 
bulk susceptibility clearly shows a logarithmic tempera- 
ture dependence allowing us to determine the unknown 
hyperfine constant A. This approach yields a Curie- 
Weiss type susceptibility for {SfSf) with Weiss temper- 
ature equal to T* as determined in the fits for {SfSc)- 
This is yet another reason for the collective, rather than 
local origin of T* . Finally this point of view is supported 
by the fact that the latter scenario typically leads to the 
same T-dependence of xe and Xcf below some coherence 
temperature^ The notion of a two fluid description to 
Kondo lattice systems has, in some way, been discussed 
in theories based on single ion dynamics^2iH4Sii& . The 
unconventional temperature dependence of Xcf clearly re- 
quires a new approach to Kondo lattice systems which 
goes beyond those theories. 

For the materials that possess structural symmetries 
lower than cubic, we note that T* is anisotropic, in 
some cases by more than a factor of two. In the two- 
fluid model of NPF, T* is a measure of the Ce-Ce in- 
tersite coupling. For the bulk measurements presented 
by NPF, the measured T* describes an volume average 
coupling. However NMR results probe a local susceptibil- 
ity, and the anisotropic r*'s measured by NMR reflects 
the anisotropy of the local couplings between the 4f (5f) 
sites. This anisotropy reflects that of the orbitals that 
enter the quantum chemistry calculation of the nearest 
neighbor coupling; in fact the anisotropy might be max- 
imum for directions intermediate to the c and ab planar 
directions. 

We emphasize that the scaling behavior exhibited 
strongly supports the validity of the two-fluid description 
in a wide variety of Kondo lattice systems, ranging from 
heavy electron systems to mixed valent systems. This 
scaling seems to be independent of the ground state: the 
materials represented here include magnetically ordered, 
superconducting, as well as Kondo insulating materials. 



The speciflc heat of the heavy electron fluid of the sys- 
tem was shown by NPF to behave as 



Ccf {T) = Q^J{T)\og(Xr 



(9) 



where the dimensionless constant Q determines the en- 
tropy contribution of the heavy electron fluid at T*, 
(T*) = /jf* ^£^dT = |g . It is natural to as- 
sume that Scf (T*) is a generic value, independent of the 
details of the system. Together with the flxed Wilson 
ratio, R — -f^, of the heavy electron component of the 
two fluid system, this gives 



4 gcf (^*) ,,^^, fT* 



(10) 



demonstrating that not only the T-dependence but also 
the absolute value of Xcf is determined by T*. In our 
current analysis, we do not know the hyperfine coupling 
constant A for all materials and consequently can not de- 
termine the prefactor in Xcf- In addition, even if there 
exists a generic value of 5cf(T*), this does not, how- 
ever, imply a universal value for the speciflc heat coeffi- 
cient 7 = ^^rl"^ . A 7-value can only be defined if at 
some low temperature Tq T* the logarithmic growth 
of ^"^^^ stops. Then 7 ~ ^^og^Tir) determined 
by both T* and Tq- Such behavior might reflect, for ex- 
ample, the crossover from a quantum critical regime to 
a heavy Fermi liquid regime if the system is close to a 
quantum critical point. As seen in Fig. 1171 no correla- 
tion between 7 and T* exists. From the NPF perspective, 
this result is not surprising. 

It is interesting to note that for the Cu sites that are 
nearest to the Fe impurities in the dilute Kondo alloy 
Cui_2;Fea: there is no Knight shift anomaly4£i^ This re- 
sult supports the argument that the Knight shift anomaly 
observed in Kondo lattice systems is a correlated Kondo 
effect, determined by the onset of the heavy electron com- 
ponent with a different hypcrflne component, rather than 
a local property of a Kondo screened impurity. 

In summary, both the regime of uncorrelated local mo- 
ments at very high T, as well as the heavy Fermi liquid at 
T « Tk should exhibit K oc x (with different propor- 
tionality constants). At high T local moments dominate 
the magnetic response and the conduction electrons are 
invisible by comparison, in the other limit a single com- 
ponent Fermi liquid state has emerged. However, in the 
important regime in between, which is so crucial to un- 
derstand how a heavy electron emerges, and which might 
dominate all the way to T = at a quantum critical 
point, the two component picture is essential. It is this 
regime where the systems are characterized by the scaling 
behavior found in this paper. The unexpected simplicity 
captured by the two component model offers many new 
opportunities for the reinterpretation of existing data and 
future experiments in a simple manner. 
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Appendix 



FIG. 3: Kci versus Xd for CeCoIns, where the Xcf were ob- 
tained from bulk measurements.—- 



Here we include Fig. |31 as well as Figs. HI through 1161 
showing the K versus x relationship, and the anomaly 
at T*. The insets of the Figs, show Kci{T), as well 
as a fit to Eq. © . In Figs. HH-Eniwe show the bulk 
susceptibility versus temperature for each compound. T* 
is marked with an arrow for each material. Note that 
the anomalous behavior marking the emergence of the 
Xcf component is not obvious in the bulk susceptibility; 
measurements of both the susceptibility as well as the 
Knight shift are required to identify T* . 
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FIG. 4: The In(2) Knight shift CeCoIns versus the bulk 
susceptibility»~ The solid hues are fits to the high temper- 
ature data. Inset: iiTcf versus T, and a fit to Eq. (jSJ. 
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FIG. 5: The In(l) Knight shift in CeRhlns versus the bulk 
susceptibility. The solid lines are fits to the high temperature 
data. Inset: K^t versus T, and a fit to Eq. Q. 
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FIG. 6: The Sn Knight shift in CeSna versus the bulk 
susceptibihtyi— *— The sohd Unas are fits to the high tem- 
perature data. Inset: Kef versus T, and a fit to Eq. 




FIG. 7: The Al Knight shift in CeAls versus the bulk 
susceptibilityi— The solid lines are fits to the high temper- 
ature data. Inset: Kd versus T, and a fit to Eq. Q. 
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FIG. 8: The Cu Knight shift in CeCu2Si2 versus the bulk 
susceptibility^ The sohd hnes are fits to the high tempera- 
ture data. Inset: Kef versus T, and a fit to Eq. Q. 
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FIG. 9: The Si Knight shift in CeCu2Si2 versus the bulk 
susceptibility,^'' The solid lines are fits to the high tempera- 
ture data. Inset: Kd versus T, and a fit to Eq. Q. 
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FIG. 10: The Si Knight shift in CePtSii-:rGe:, for x = 0.0 
and a; = 0.1 versus the bulk susceptibility The solid lines 
are fits to the high temperature data. Inset: K^f versus T, 
and a fit to Eq. 




FIG. 11: The Bi Knight shift Ce3Bi4Pt3 versus the bulk 
susceptibility!— The solid line is a fit to the high tempera- 
ture data. Inset: K^f versus T, and a fit to Eq. 
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FIG. 12: The Cu Knight shift in YbCuAl versus the bulk 
susceptibility—. The solid line is a fit to the high temperature 
data. Inset: Kd versus T, and a fit to Eq. Q. 




FIG. 13: The P and As Knight shifts in CeP and CeAs versus 
the bulk susceptibility^ The solid line is a fit to the high 
temperature data. Inset: K^t versus T, and a fit to Eq. ||5J|. 
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FIG. 14: The Pt Knight shift in UPts versus the bulk 
susceptibilityi— *— The solid line is a fit to the high tempera- 
ture data. Inset: Kef versus T, and a fit to Eq. 




FIG. 15: The Pt Knight shift in UBeis versus the bulk 
susceptibilityi— ^ The solid line is a fit to the high tempera- 
ture data. Inset: Kef versus T, and a fit to Eq. 



LA-UR-03-8206 



1.0 




0.0 1 ^ ^ ^ ^ 1 

2 4 6 8 10 

(xlO'^ emu/mol) 



FIG. 16: The Si Knight shift in URu2Si2 versus the bulk 
susceptibility!— The solid line is a fit to the high temperature 
data. Inset: K^f versus T, and a fit to Eq. ©. 
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FIG. 17: T* versus 7 for the Kondo lattice systems discussed. 
There is no apparent correlation. 
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FIG. 18: The susceptibility x versus temperature in CeAs, 
CeP, CeCoIus, and CeRhlns. T* is marked with an arrow. 
The data for CeAs and CeP are offset verticaUy for clarity. 
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FIG. 19: The susceptibility x versus temperature in UPts, 
CeCu2Si2, and UBeis. T* is marked with an arrow. 
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FIG. 20: The susceptibility x versus temperature in CeAIs, 
CePtSii-:.Ge^, CeSna, Ce3Bi4Pt3, YbCuAl, and URu2Si2. 
T* is marked with an arrow. 



